
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(TT) Publication number : 0 499 492 A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 92301268.6 



@ Int. Cl.^ : C08J 7/04 



(22) Date of filing : 17.02.92 



(So) Priority : 15.02.91 JP 22107/91 
15.02.91 JP 22108/91 
27.02.91 JP 32725/91 



(43) Date of publication of application : 
19.08.92 Bulletin 92/34 



(84) Designated Contracting States : 

AT BE CH OE DK ES FR GB GR IT U LU MC NL 
PT SE 



(7i) Applicant: TORAY INDUSTRIES, INC. 

2-1, NIhonbasht Muromachi 2-chome Chuo-ku 
Tokyo (JP) 



(72) Inventor : Yamada, Shinichi 
3-1-112, Sonoyama 2-chome 
Otsu-shi, Shiga (JP) 
Inventor : Shimoyama, Naokl 
10-B3-11, Sonoyama 2-chome 
Otsu-shi, Shiga (JP) 
Inventor : Taniguchi, Takashi 
1300-134, Oaza Minamlzakura, Yasu-cho 
Yasu-gun, Shiga (JP) 
Inventor : Kono, Syunzi 
13-1, Sonoyama 2-chome 
Otsu-shi, Shiga (JP) 



(74) Representative : Coleiro, Raymond et al 
MEWBURN ELLIS 2 Cursitor Street 
London EC4A 1BQ (GB) 



(S) Plastic optical articles. 



< 
CM 



LU 



(57) A plastic optical article has a transparent coating film applied to a transparent three-dimensional 
cross-linked resin having a glass transition temperature of at least 130 C. The article is used as an 
optica! lens or substrate material for various display devices. When an inorganic thin film, such as a 
transparent electro-conductive film, is deposited on a surface, a thin film having a high heat resistance 
can be obtained. 
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This invention relates to articles of plastics material for use in optics (hereinafter "plastic optical articles") 
such as lenses and display device having excellent properties such as heat resistance, abrasion resistance, 
transparency, and solvent resistance. 

Plastic materials in general are light in weight and have excellent impact resistance, processability, and 

5 mass-producibility, and therefore, the demand for plastic materials for optical devices such as an optical filter, 
an optical lens and an optical disk has increased. Transparent resins such as poly(methyl methacrylate) polys- 
tyrene and polycarbonate are mainly used at present as the plastic material for these optical devices, but these 
materials cause problems in that the thermoplastic resins not only have low heat resistance, as typified by a 
thermal deformation temperature, but also have low solvent resistance and a low elastic modulus. 

10 In addition to the problems described above, the plastic optical devices have lower surface hardness than 

inorganic glass, and many attempts have been made to solve this problem. For example, a method has been 
proposed in which an inorganic material such as Si02 is deposited on the surface of a plastic substrate by a 
vacuum deposition (Japanese Unexamined Patent Publication No. 58-204031). In another method a Polyor- 
ganosilane type hard coat film or an acrylic type hard coat film is coated on the surface of the plastic substrate 

15 (U.S. Patent Nos. 3.986,997 and 4,211.823 and Kokai (Japanese Unexamined Patent Publication Nos. 57- 
168922, 59-38262, 59-51908, 59-51954, 59-78240, 59-89368. 59-102964, 59-109528, 59-120663, 59-155437, 
59-174629, 59-193969, 59204669). 

The improvement of the surface hardness by a vacuum deposition of the inorganic material such as Si02, 
according to the prior art. can provide high hardness, but leads to critical problems such as lowered adhesion 

20 to the substrate, and lower heat resistance and light resistance. The technique described in Japanese 
Unexamined Patent Publication Nos. 59-38262, 59-51908, etc., by which a silane type and acrylic type hard 
coat film is coated, can improve the heat resistance to some extents, but the effect thereof is still unsatisfactory. 

The present invention seeks to minimise or eliminate the above difficulties and thereby provide a plastic 
optical article having excellent properties such as heat resistance, abrasion resistance, transparency, and 

25 chemical resistance, especially solvent resistance. 

Thus, the invention provides a plastic optical article having a transparent coating applied to a surface of a 
transparent crosslinked resin having a glass transition temperature of at least 130*^C. 

As long as the transparent thermosetting cross-linked resins used herein have a glass transition tempera- 
ture of at least 1 30°C, any resins can be used without limitation. In particular, as the transparent thermosetting 

30 resin in the present Invention, resins having a glass transition temperature of 1 eCC or more are more preferable 
because the heat resistance can be further improved. The term "glass transition temperature" as used herein 
means the temperature at which a polymer changes from an amorphous glassy state to a rubbery state, and 
in the transition region, various properties such as elastic modulus, expansion coefficient, heat content, refrac- 
tive index, dielectric constant, and so forth, are changed. The glass transition temperature can be measured 

35 from the change of these properties, but more definitely, this can be evaluated by a known method (e.g., JIS 
K71 21) by using differential scanning calorimetry (DSC), etc. When measuring the glass transition temperature 
by differential scanning calorimetry, the glass transition temperature can be determined by evaluating the trans- 
parent thennosetting resin itself, or a heat-treated product thereof. When the transparent coating is sufficiently 
thin, however, the glass transition temperature of the article provided with the transparent coating on the trans- 

40 parent thermosetting resin can be regarded as the glass transition temperature of the transparent thermosetting 
resin. 

An indication of the desired mechanical properties of the transparent cross-linked resin is given by the bend- 
ing modulus (modulus of elasticity in bending), which is preferably at least 200kg/mm2, more preferably at least 
300kg/mm2 room temperature. An indication of the desired optical properties of the transparent thermosetting 

45 resin is given by the total light transmittance (in the absence of coloring), which is preferably at least 60%, more 
preferably, at least 80%. The transparent cross-linked resin can be converted to a hybrid system by including 
an inorganic material in an amount within a range in which the transparency thereof is not lowered, and may 
contain an inorganic bond such as a siloxane bond or a phosphazene bond, without problems. 

Specific examples of the components of the transparent thermosetting resin having a glass transition tem- 

50 perature of at least 1 30*^0 include polyolefin resins as typified by polymethacrylic resins such as polymethacrylic 
acid and polycarboxyphenyl methacryl amide, and polystyrene type resins such as poly(biphenylstyrene); 
polyether resins as typified by poly(2,6-dimethyl-1 ,4-pheny!ene oxide); polycarbonate resins as typified by poly 
(oxycarbonyloxy-1,4-phenylene-isopropylidene-1,4-phenylene); polyester type resins such as poly(oxy- 
2,2,4,4-tetramethyl-1,3-cyclobutylene-oxyterephthaloyl); polysulfonic resins such as poly(oxy-1 ,4-phenylene- 

55 sulfonyl-1 .4-phenylene), poly(oxy-1 ,4-phenyleneisopropylidene-1 ,4-phenyleneoxy-1 .4-phenylenesulfonyl-1 ,4- 
phenylene); polyamide type resins such as poly(iminoisophthaloylimino-4,4'-biphenylene); polysulfide type 
resins such as poly(thio-1 ,4-phenylenesulfonyl-1 , 4-phenylene); unsaturated polyester resins; epoxy resins; 
melamine resins; phenol resins; diallyl phthalate type resins; polyimide type resins;and polyphosphazene type 

2 
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resins. The transparent thermosetting resin exhibiting the thermal property described above can be obtained 
by introducing a three-dimensional cross-linkage structure into these polymer groups. From the aspects of 
transparency and moldability, in particular, a polyolefin resin is preferred, but more preferred is a polyolefin 
copolymer obtained by polymerizing a composition containing polyfunctional monomers having at least two 
5 unsaturated groups. 

As the copolymer described above, preferably used is a copolymer containing 20 to 98 wt% of the monomer 
represented by the general formula (A) and 2 to 80 wt% of the polyfunctional monomer having at least two 
unsaturated groups, wherein the total weight proportion of the monomer of the general formula (A) and the 
polyfunctional monomer having at least two unsaturated groups is at least 30 wt% by weight of the total compo- 
10 sition. 



15 



i 

o = C ,C = 0 



(A) 



20 

wherein represents a substituent selected from hydrogen and Ci to C20 hydrocarbon groups, and and 
R2 each independently represents a substituent selected from hydrogen, a methyl group and an ethyl group. 
Ri and R^ contained in the maleimide derivatives represented by the general formula (A) may be the same 
25 or different. 

When is a hydrocarbon group, specific examples include linear alkyi groups such as a methyl group, 
an ethyl group, a propyl group, an octyl group and an octadecyl group; branched alkyI groups such as an iso- 
propyl group, a sec-butyl group, a tert-butyl group and an isopentyl group; alicyclic hydrocarbon groups such 
as a cyclohexyl group and a methyl-cyclohexyl group: aryl groups such as a phenyl group and methylphenyl 

30 group; 

and aralkyl groups such as a benzyl group and a phenethyl group. 
Furthermore, each of R\ R2 and may be substituted by various substituents such as a halogen atom, 
e.g., fluorine, chlorine and bromine, a cyano group, a carboxyl group, a sulfonic group, a nitro group, a hydroxy 
group and an alkoxy group. 

35 Specific examples of the compounds represented by the general formula (A) are N-methylmaleimide, N- 

butylmaleimide, N-phenylmaleimide, N-o-methylphenylmaleimide, N-m-methylphenylmaleimide, N-p-methyl- 
phenylmaleimide, N-o-hydroxyphenylmaleimide, N-m-hydroxyphenylmaleimide, N-p-hydroxyphenylmaleimide, 
N-methoxyphenylmaleimide, N-m-methoxyphenylmaleimide, N-p-methoxyphenylmaleimide, N-o-chlorophe- 
nylmaleimide, N-m-chlorophenylmaleimide, N-p-chlorophenylmaleimide. N-o-carboxyphenylmaleimide, N-p- 

40 carboxyphenylmaleimide, N-p-nitrophenylmaleimide, N-ethylmaleimide, N-cyclohexylmaleimide and N-isop- 
ropylmaleimide. 

These monomers may be used either alone or as a mixture of two or more thereof. Among these maleimide 
compounds, alkylmaleimide and cycloalkylmaleimide are particularly preferred from the aspects of yellowing 
after a heat resistance test, and weather resistance, and particularly preferred are N-iso-propylmaleimide and 

45 N-cyclohexylmaleimide, Most preferred is a combined use of N-alkylmaleimide and N-alicyclic alkylmaleimide 
such as N-isopropylmaleimide in combination with N-cyclohexylmaleimide. The proportion of the N-alkyl- 
maleimide and the N-alicyclic alkylmaleimide should be experimentally determined appropriately in accordance 
with the kind and amount of the polyfunctional monomer having at least two unsaturated groups. Generally, 
however, the N-alicyclic maleimide is preferably used in the amount within the range of 10 to 500 parts by weight 

50 based on 100 parts by weight of the N-alkylmaleimide, to thereby exhibit the effect of the combined use thereof. 

Next, the polyfunctional monomers having at least two unsaturated groups will be explained. The term 
"polyfunctional monomers having at least two unsaturated groups" means those monomers having at least two 
unsaturated functional groups copolymerizable with the maleimide described above, and examples of the 
copolymerizable functional groups are a vinyl group, a methylvinyl group, an acrylic group and a methacrylic 

55 group. The monomers containing at least two different copolymerizable functional groups in one molecule are 
also included in the polyfunctional monomers according to the present invention. 

Specific preferred examples of such polyfunctional monomers having at least two unsaturated groups des- 
cribed above are di-, tri- and tetra-(meth)acrylates of polyhydric alcohols such as ethylene glycol di(meth)acry- 
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late, diethylene glycol di(meth)acrylate. triethylene glycol di(meth)acrylate, glycerol (di/tn-)(meth)acrylate, 
trimethylol propane (di/tri){meth)acrylate and pentaerythritol (dl/tri/tetra-)(meth)acrylate: aromatic polyfunc- 
tional monomers such as p-divinylbenzene and o-dlvinylbenzene; esters such as vinyl (meth)acrylates and allyl 
(meth)acrylates; dienes such as butadiene, hexadiene and pentadiene; polyfunctional monomers having a 

5 phosphazene structure derived from dichtorophosphazene as the starting material; and polyfunctional mono- 
mers having a heteroaromatic ring structure such as triallyl isocyanurate. 

In the polyolefin type copolymer composition described above, 20 to 98 wt% of the monomer represented 
by the general formula (A) described above must be present. If the content is less than 20 wt%, a sufficient 
heat resistance, mechanical strength, optical isotropy, etc.. cannot be obtained. If the content exceeds 98 wt%, 

10 the degree of cross-linkage drops, and thus the required solvent resistance, and reduction of the water absorp- 
tion ratio, for example, cannot be obtained. Therefore, the content is preferably 30 to 80 wt%. more preferably, 
40 to 60 wt%. 

The polyfunctional monomer having at least two u nsaturated groups as the other essential component must 
be present in a proportion of 2 to 80 wt% in the thermosetting polymer composition. If the content is less than 

15 2 wt%, the three-dimensional cross-linkage does not sufficiently proceed, and the heat resistance and solvent 
resistance, for example, are lowered. If the content exceeds 80 wt%, the impact resistance, for example, is low- 
ered and the loss of desired characteristics of the plastic material becomes remarkable. 

Preferably, various copolymerizable monomers are used in combination in the polyolefin type copolymer 
composition described above, to thus improve the mechanical strength, optical isotropy, refractive index, low 

20 water absorption, dyeability, heat resistance, and impact resistance, and so forth. Examples of such monomers 
that can be conjointly used are aromatic vinyl monomers, olefinic vinyl monomers, (meth)acrylic monomers and 
their ester monomers and polyvalent carboxyllc anhydrides. Specific examples of the aromatic vinyl monomers 
include styrene. a-methylstyrene, p-methylstyrene, p-tert-butylstyrene, vinyltoluene, chlorostyrene and 
bromostyrene. Generally used are styrene, a-methylstyrene and p-methylstyrene, because the properties 

25 thereof are suitable for the copolymerization and they are readily available industrially. Definite preferred exam- 
ples of other vinyl monomers include vinyl cyanide monomers such as acrylonitrile and methacrylonitrile; 
{meth)acrylate (ester) type monomers such as methyl methacrylate, methyl acrylate, cyclohexyl methacrylate, 
t-butyl methacrylate, benzyl methacrylate, acrylic acid and methacrylic acid; and maleic anhydride. 

The total content of the monomer represented by the general formula (A) and the polyfunctional monomer 

30 as the components in the polyolefinic copolymer composition described above should be at least 30 by weight 
of the total weight of the thermosetting resin composition, and preferably is at least 40 wt%. If less than 30 wt%, 
a polymer having excellent transparency, heat resistance, chemical resistance, and impact resistance, for 
example, cannot be obtained. 

The addition of various UV-absorbers, antioxidants and antistatic agents to the transparent thermosetting 

35 resin is useful for improving the light resistance, oxidation degradation property, and antistatic property. It is 
particulariy preferred to copolymerize a monomer having a UV absorbing property or an antioxidation property 
because these properties can be improved without lowering the chemical resistance and heat resistance. Pre- 
ferred examples of such monomers are benzophenone type UV absorbers having an unsaturated double bond, 
phenyl benzoate type UV absorbers having an unsaturated double bond and (meth)acryl monomers having a 

40 hindered amino group as a substitution group. If the content is less than 0,5 wt%, the effect of addition cannot 
be recognized, and if more than 20 wt%, the heat resistance and mechanical strength are lowered. 

The polymerization method of the transparent thermosetting resin according to the present invention is not 
particulariy limited, and the polymerization can be carried out generally by known methods. When the trans- 
parent thermosetting resin is a polyolefinic copolymer, the polymerization can be carried out by keeping the 

45 mixture of the monomers described above at a predetermined temperature in the presence or absence of a 
radical initiator, various polymerization methods such as bulk polymerization, solution polymerization, suspen- 
sion polymerization, and casting polymerization can be employed. The degree of polymerization of the trans- 
parent thermosetting resin of the present invention is not particulariy limited but a higher polymerization degree 
is preferred. In view of post-processing such as solution coating and vacuum deposition, the degree of polym- 

50 erization is preferably at least 90%. The polymerization of the transparent thermosetting resin of the present 
Invention can be carried out at a temperature of 30 to 250''C, and the rate of polymerization can be increased 
at a polymerization temperature of not lower than 130°C. preferably of not lower than 150^C. 

There is no particular limitation to the molding method of the transparent thermosetting resin of the present 
invention, but a casting polymerization method Is considered an effective molding method. 

55 The plastic optical article according to the present invention is produced by providing a transparent coating 

on the transparent thermosetting resin described above, and the transparent coating may be a coating film con- 
taining an organic polymer. Specific examples of the organic polymers constituting the transparent coating are 
an acrylic resin, a silicone resin, a polyurethane resin, an epoxy resin, a melamine resin, a polyolefinic resin, 

4 
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celluloses, a polyvinyl alcohol resin, a urea resin, a nylon resin, and a polycarbonate resin. These resins can 
be used either alone or in mixture of at least two thereof, and a three-dimensional cross-linking can be made 
by using various curing agents and cross-linking agents. For an application where the surface hardness is par- 
ticularly important, a curable resin is preferred. For example, a simple or complex system of the acrylic resin, 

5 silicone resin, epoxy resin, polyurethane resin and melamine resin is preferably used. Where various properties 
such as the surface hardness, the heat resistance, the chemical resistance, and transparency, etc., are taken 
into consideration, a silicone resin is preferably used as the organic polymer and more preferably, polymers 
obtained from organosilicon compounds represented by the following general formula (B) or their hydrolyzates 
can be mentioned. 

10 R^R5t>SiX4.a.b (B) 

wherein R4 is a Ci to C10 organic group. is a Ci to Ce hydrocarbon group or halogenated hydrocarbon group, 
X is a hydrolyzing group, and a and b are 0 or 1 . 

Examples of the organosilicon compounds represented by the general formula (B) include tetraalkoxysi- 
lanes and their hydrolyzates such as methyl silicate, ethyl silicate, n-propyl silicate, iso-propyl silicate, n-butyl 

15 silicate, sec-butyl silicate and t-butyl silicate; trialkoxysilanes, triacyloxysilanes or triphenoxysilanes or their 
hydrolyzates such as methyltrimethoxysilane, methyltriethoxysilane, methyltriacetoxysilane, methyltrip- 
ropoxysilane, methyltributoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, vinyltrimethoxysilane, vinyl- 
triethoxysilane, vinyltriacetoxysilane, phenyltrimethoxysilane, phenyltrtethoxysilane, phenyltriacetoxysilane, 
y-chloropropyltrlmethoxysilane, y-chloropropyltriethoxysilane, y-chloropropyltriacetoxysilane, y-methacryloxyp- 

20 ropyltrimethoxysilane, y-aminopropyltrimethoxysilane, y-aminopropyltriethoxysilane, y- mercap to propyl trim e- 
thoxysilane. y-mercaptopropyltriethoxysilane, N-p-(aminoethyl)-y-aminopropyltrimethoxysilane, p-cyanoethyl- 
triethoxysilane, methyltriphenoxysilane, chloromethyltrimethoxysilane, chloromethyltriethoxysilane, glyci- 
doxymethyltrimethoxysilane, glycidoxymethyltriethoxysilane, a-glycidoxyethyltrimethoxysilane, a-glycidoxy- 
ethyltriethoxysilane, p-glycidoxyethyltrimethoxysilane, P-glycidoxyethyltriethoxysilane. a-glycidoxypropyltri- 

25 methoxysilane, a-glycidoxypropyltriethoxysilane, p-glycidoxypropyltrimethoxysilane, p-glycidoxypropyltrietho- 
xysilane, y-glycidoxypropyltrimethoxysilane, y-glycidoxypropyltriethoxysilane, y-glycidoxypropyltripropoxysi- 
lane, y-glycidoxypropyltributoxysilane, y-glycidoxypropyltriphenoxy-silane, a-glycidoxybutyltrimethoxysilane, 
a-glycidoxybutyltriethoxysilane, p-glycidoxybutyltrlmethoxysilane, p-glycidoxybutyltriethoxysilane. y-glyci- 
doxybutyltrimethoxysilane, y-glycidoxybutyltriethoxysilane, 6-glycidoxybutyltrimethoxysilane, 5-glycidoxybutyl- 

30 triethoxysilane, (3.4-epoxycyclohexyl)methyltrimethoxysilane, (3,4-epoxycyclohexyl)methyltriethoxysilane, p- 
(3,4-epoxy-cyclohexyl)ethyltrimethoxysilane, p-(3.4-epoxycyclo-hexyl)ethyltripropoxysilane, p-(3,4-epoxycyc- 
lohexyl)-ethyltributoxysilane, p-(3,4-epoxycyclohexyl)ethyltriphenoxysilane, y-(3,4-epoxycyclohexyl)propyltri- 
methoxysilane, y-(3.4-epoxycyclohexyl)propyltriethoxysilane, 6-(3.4-epoxyclohexyl)butyltrimethoxysilane, 6- 
(3,4-epoxyclohexyl)butyltrlmethoxylsi!ane; and dialkoxysilanes, diphenoxysilanes or diacyloxysilanes or their 

35 hydrolyzates such as dimethyldimethoxysilane, phenylmethyldimethoxysilane, dimethyldiethoxysilane,- 
phenylmethyldiethoxysilane, y-chloropropylmethyldimethoxy-silane, y-chloropropylmethyldiethoxysilane, di- 
methyldiacetoxysilane, y-methacryloxypropymethyldimethoxysilane, y-methacryloxypropylmethyldtethoxysi- 
lane, y-mercaptopropylmethyldimethoxysilane. y-mercaptopropylmethyldiethoxysilane, y-aminopropylmethyl- 
dimethoxysilane, y-aminopropyimethyldiethoxysilane, methyl vinyldimethoxysilane, methyl vinyldiethoxysilane, 

40 glycidoxymethylmethyldimethoxysilane, glycidoxymethylmethyldiethoxysilane, a-glycidoxyethylmethyldime- 
thoxysllane. a-glycidoxyethylmethyldiethoxysilane, p-glycldoxyethylmethyldimethoxysilane, p-glycidoxye- 
thylmethyldiethoxysilane, cx-glycidoxypropylmethyldimethoxysilane, a-glycidoxypropylmethyldiethoxysilane, 
p-glycidoxypropylmethyldimethoxysilane, p-glycidoxypropylmethyldiethoxysiiane. y-glycidoxypropylmethyl- 
dimethoxysilane. y-glycidoxypropylmethyldiethoxysilane. y-glycidoxypropylmethyldipropoxysilane,y-glycidox 

45 ypropylmethyldibutoxysilane, y-glycidoxypropylmethylmethoxyethoxysilane, y-glycidoxypropylmethyldiphe- 
noxysilane, y-glycidoxypropylmethyldiacetoxysilane, y-glycidoxypropylethyldimethoxysilane, y-glycidoxyp- 
ropylethyldiethoxysilane, y-glycidoxypropyl vinyldimethoxysilane. y-glycidoxypropylvinyldiethoxysilane. y-glycl- 
doxy propyl phenyldimethoxysilane and y-glycidoxypropyl phenyldiethoxysilane. 

One or at least two kinds of these organosilicon compounds can be added. In particular, to impart a dyeabi- 

50 lity, the use of the organosilicon compound containing the epoxy group and the glycidoxy group is preferable, 
and the resulting product has a high addition value. 

Besides the silicone resin, it is possible to add an acrylic resin, a polyurethane resin, an epoxy resin, a 
melamine resin, a polyolefin resin, a cellulose, a polyvinyl alcohol resin, a urea resin, a nylon resin or a polycar- 
bonate resin, for example, to the film formation component consisting of the silicone resin as its principal com- 

55 ponent; these are not particularly limited but must be within the range where the transparency is not deteriorated 
and the required surface hardness can be obtained. 

To lower the curing temperature and to further promote curing, the organosilicon compounds described 
above are preferably used after they are hydrolyzed. The hydrolysis is effected by adding pure water or an acidic 

5 
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aqueous solution of hydrochloric acid, acetic acid or sulfuric acid and stirring the mixture. Furthermore, the deg- 
ree of hydrolysis can be easily controlled by adjusting the amount of addition of pure water or the acidic aqueous 
solution. To promote curing, the addition of pure water or the acidic aqueous solution is preferably added in an 
amount of from equimolarto three times moles to the hydrolyzing group present in the compound represented 

5 by the general formula (B) when hydrolysis is effected. 

Since an alcohol, for example, is generated during the hydrolysis, the hydrolysis can be carried out without 
a solvent, but to promote the hydrolysis more uniformly the hydrolysis can be carried out after the organosilicon 
compound and the solvent are mixed. Depending on the intended object, the alcohol, etc., can be removed by 
heating and/or by evaporating at a reduced pressure after the hydrolysis. It is also possible to later add a suitable 

10 solvent. 

Preferably, the composition described above is generally diluted with a volatile solvent and is applied as 
a liquid composition. The solvent for this coating composition is not particularly limited, but must not deteriorate 
the surface properties of the coated article during use. Furthemore, the solvent should be determined in con- 
sideration of the stability of the composition, wettability to the substrate, volatility, and so forth. One kind of sol- 
15 vent or two or more kinds of solvents as a mixture can be used. Specific examples of these solvents are alcohol, 
esters, ethers, ketones, halogenated hydrocarbons, aromatic hydrocarbons such as toluene, xylene and aprotlc 
polar solvents. 

Fine particles of metal oxide are preferably added to the transparent film of the present invention to thus 
improve the surface hardness, to adjust the refractive index, and to improve the mechanical strength, thermal 

20 characteristics and electric conductivity. Such fine particles of metal oxide are not particularly limited as long 
as they do not deteriorate the transparency in the film state. From the aspects of an improvement in the oper- 
ation efficiency and the transparency, however, sols that are dispersed in a colloidal fonm are particularly pre- 
ferred. Specific preferred examples include silica sot, titania sol, zirconia sol, ceria sol. antimony oxide sol, ITO 
(Indium Tin Oxide) sol and tin oxide sol. 

25 The amount of addition of the fine particles of metal oxide is not particularly limited, but to further remarkably 

exhibit the effect at least 1 wt% and up to 80 wt% is preferably present in the transparent film. If less than 1 
wt%, a clear effect of addition cannot be observed and if more than 80 wt%, problems arise such as an inferior 
adhesion to the plastic substrate, the occurrence of the cracks in the film itself, and lowered impact resistance. 
The diameter size of the fine particles of metal oxide is not particularly limited, but is generally from 1 to 

30 200 mj.1, preferably from 5 to 100 m^, more preferably 20 to 80 rr\\.i. When an metal oxide having a particle size 
greater than 200 rr\[x is used, the transparency of the resulting coating film becomes poor and the turbidity is 
increased. To improve the dispersibility of the fine particles of metal oxide, various surface treatments of the 
fine particles may be carried out and various surfactants and amines may be added. 

Various curing agents can be combined and used with the coating composition used at the time of the for- 

35 mation of the transparent coating film in the present invention, to thus make it possible to promote the curing 
and to accomplish a hardening at a low temperature. Various curing agents for epoxy resin or organosilicone 
resin can be used as the curing agent. 

Specific examples of these curing agents are various organic acids and their acid anhydrides, nitrogen- 
containing organic compounds, various metal complexes, metal alkoxides, various salts such as organic car- 

40 boxylates and carbonates of alkali metals, and radical polymerization initiators such as peroxides and 
azoblsisobutylnitrile. Two or more kinds of these curing agents can be used as a mixture. Among these curing 
agents, the aluminum chelate compounds illustrated below are particularly useful for the object of the present 
invention, from the aspects of stability of the coating composition and the prevention of a coloring of the film 
after coating. 

45 The aluminum chelate compound referred to herein is formula that represented by the general 

wherein X is OL with L representing a lower alkyi group; Y is at least one member selected from the ligands 
derived from the compounds represented by the general formula 

MICOCH2COM2 

50 wherein each of and is a lower alkyI group, and the ligands derived from the compounds represented 
by the general formula 

M^COCHzCOOM* 
wherein each of and M"^ is a lower alkyI group. 

Although various compounds can be cited as the aluminum chelate compounds represented by the general 
55 formula Ai'XnY3.n, particularly preferred are aluminum acetylacetonate, aluminum bisethylacetoacetate mono- 
acetylacetonate, aluminum di-n-butoxide monoethylacetoacetate and aluminum di iso-propoxide mono- 
methylacetoacetate from the aspects of the solubility and the stability in the composition and the effect as the 
curing catalyst. Two or more of these compounds can be used as a mixture. 

6 
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Some of the transparent coating films according to the present invention can be dyed by various dyes, par- 
ticularly by a disperse dye. In the case of the dyed product, various transition metal compounds or their reaction 
products are preferably added, to improve the color fastness to light of the product. Specific examples of these 
metal compounds are acetylacetonate metal salts, bisdithiol-a-diketone metal salts, bisphenyithiol metal salts, 

5 bisphenyldithiol metal salts, dithiocarbaminic acid metal salts, salicylaldehyde oxime metal salts, thiobispheno- 
late metal salts and phsphone metal salts. Among them the acetylacetonate chelate compounds are particularly 
preferably used because the stability in the coating composition is excellent. The amount of addition of these 
transition metal compounds should be experimentally determined in accordance with the application of the 
transparent article, the kind of the diluting solvent, and the kinds of other components, but an amount within a 

10 range of 0.001 to 10 wt% in the resulting film is preferably used, from the aspects of solubility and whitening 
of the coating film. If the amount is less than 0.001 wt%. the effect of addition cannot be seen, and if more than 
10 wt%. the haze of the film becomes very strong. No problem arises even if the bonding state of the metal of 
these transition metal compounds changes due to a chemical change during the formation process of the trans- 
parent coating film, but they are preferably present as the chelate compound in the film, to obtain a greater 

15 effect. 

Various surfactants can be added to the coating composition used for forming the transparent film accord- 
ing to the present invention, to thus improve the flow at the time of coating, improve the flatness of the trans- 
parent film, and reduce the friction coefficient of the film surface. Particularly, a block or graft copolymer of 
dimethyl polysiloxane and alkylene oxide and a fluorine type surfactant are effective. 

20 Inorganic materials other than the fine particles of metal oxide can be added to the coating composition 

used at the time of the formation of the transparent coating film according to the present invention, within the 
range in which the film properties and transparency are not greatly lowered. The combined use with these addi- 
tives can improve various characteristics such as the adhesion to the substrate, chemical resistance, surface 
hardness, durability, and dyeability. The inorganic materials that can be added, as described above, are metal 

25 alkoxides represented by the following general formula (I), chelate compounds and/or their hydrolyzates. 

M(ORU (1) 

wherein R is an alkyi group, an acyl group or an alkoxyalkyl group, and m is the same value as the number of 
charges of the metal M, and M is silicon, titanium, zirconium, antimony, tantalum, gemnanium or aluminum. 
Furthemore, a UV-absorber can be added to improve the weatherability. or an antioxidant can be added 

30 as a method of preventing lowering of the heat resistance. 

The transparent coating film of the present invention can be obtained by curing the coating composition 
described above and by the heat-treatment. The heating temperature is suitably selected in dependence upon 
the composition of the coating composition and the heat resistance of the transparent thenmosetting resin, and 
is preferably from 50 to 250"C. 

35 As coating means of the film deposited on the transparent thermosetting resin in the present invention, ordi- 

nary coating methods such as brush coating, dip coating, roll coating, spray coating, spin coating and flow coat- 
ing can be used. 

When coating the coating composition of the present invention, various pre-treatments can be effectively 
made, to thus improve the cleanness, adhesion, moisture resistance, and so forth. Particularly preferred 
40 methods are an activating gas treatment, chemical treatment, and a UV treatment. 

The activating gas treatment means a treatment utilizing ions, electrons or activating gases generated at 
a normal or reduced pressure. The methods of generating such an activating gas include corona discharge, 
and high voltage discharge using D.C., low frequency, high frequency or microwave, at a reduced pressure. 
Particularly preferred is a low temperature plasma treatment by a radio frequency discharge at a reduced press- 
es ure, from the aspects of production and reproduction. 

The gas used is not particularly limited, and specific examples thereof include oxygen, nitrogen, hydrogen, 
carbon dioxide, sulfur dioxide, helium, neon, argon, freon, vapor, ammonia, carbon monoxide, chlorine, nitrogen 
monoxide and nitrogen dioxide. These gases can be used alone or as a mixture of two or more. Among the 
examples described above, oxygen-containing gases such as air are particularly preferred. Oxygen is prefer- 
so ably used to improve the adhesion. During the processing, the temperature of the treated substrate can be 
raised for the same purpose. 

Specific examples of the chemical treatment include alkali treatment using caustic soda, acid treatment 
using hydrochloric acid, sulfuric acid, potassium dimanganate and potassium dichloromate, and an organic sol- 
vent treatment. 

55 The pre-treatment described above can be executed either continuously or step-wise. 

The thickness of the transparent film in the present invention is not particularly limited, but is preferably 
within the range of 0.1 to 50 to thus maintain the bonding strength and hardness, more preferably 0.3 to 10 
(.1. When coating the film, the composition may be diluted in a solvent to adjust the operation efficiency and the 
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film thickness, and various solvents can be used such as water, alcohol, esters, ethers, halogenated hydrocar- 
bons, dimethylformamide and dimethyl sulfoxide, in accordance with the intended object. A mixed solvent also 
can be used, whenever necessary. Polar solvents such as water, alcohols, dimethylformamide, ethylene glycol, 
diethyiene glycol, triethylene glycol, benzyl alcohol . phenetyl alcohol and phenyl cellosolve are preferably used. 

5 When the mechanical properties of the plastic optical article are expressed in terms of the bending modulus 

at 1 70*C as an index, this is preferably 20 to 300kg/mm2. If the value Is less than 20kg/mm2, the rigidity becomes 
poor and problems occur with the mechanical characteristics. If more than 300kg/mm2, cracking of the substrate 
occurs during handling and the production yield drops. 

To obtain the bending modulus described above, it is useful in the present invention to heat the plastic sub- 
to strate and the transparent film obtained as described above. Known methods such as a method using a heater 
and a method using a light irradiation by an infrared ray can be used as the heat treating method. 

The heat treating atmosphere includes a gas atmosphere, solution atmosphere, and reduced pressure 
atmosphere. From the aspects of avoiding yellowing of the treated article due to oxidation, and ease of oper- 
ation, a reduced pressure atmosphere or a gas atmosphere of, for example, nitrogen, carbon dioxide, helium, 

15 neon or argon are. particularly preferable. These gases can be used alone or as a mixture of two or more thereof. 
The heat treating temperature should be determined in accordance with the substrate and transparent film 
employed, but Is generally from 100 to 300°C, preferably from 120 to 250°C. If the temperature is lower than 
this range, a clear effect cannot be observed, and if higher than this range, thermal decomposition and cracks 
occur, and thus the problem of yellowing is more likely to occur. The heat treating time is suitably selected in 

20 accordance with the shape of the substrate used, the transparent film, and the heating treating temperature, 
and preferably is 1 second to 24 hours more preferably from one minute to 12 hours. If the heat treating time 
is shorter than the value described above, a clear effect cannot be observed and if longer, yellowing and a prob- 
lem with the operation efficiency are likely to occur. Furthermore, known methods can be used as the method 
of fixing the treated article at the heat treatment. Although the fixing method should be experimentally deter- 

25 mined in accordance with the shape and thickness of the treated article, the heat treating temperature and the 
heat treating time, heat treatment on a flat sheetlike support is preferred if the treated article is sheet-like, for 
example, and the surface flatness of the flat sheet-like support becomes very important particulariy when the 
surface flatness of the treated article is required. Glass materials such as polished glass and ground glass, 
metal materials such as aluminium and stainless steel, and polymer materials such as polytetrafluoroethylene 

30 (eg Teflon™) and polyimide, are preferably used as the support. 

When expressed by a total light transmittance when no coloring occurs, as an index, the transparency of 
the plastic optical article according to the present invention is preferably at least 60%, more preferably 80%. 
When the plastic optical article is used for an application requiring optical isotropy, such as for a liquid crystal 
display substrate, an optical disk substrate, or the like, the birefringence of the plastic optical article is preferably 

35 below 30 nm, more preferably below 15 nm. 

Plastic optical articles embodying the present invention can have excellent transparency, heat resistance, 
light resistance, weatherability, impact resistance, glazing, chemical resistance, and optical isotropy, and there- 
fore can be used as optical lenses such as eyeglass lenses, sunglass lenses, camera lenses, video camera 
lenses, gogle lenses and contact lenses, a substrate for a liquid crystal display, a light-guiding waveguide plate 

40 of the liquid crystal display, a substrate for electro-luminescence display and various other display substrates, 
front-, rear- and roof-windows of automobiles and airplanes, and to an optical disk substrate, as it has an excel- 
lent optical isotropy. 

It is also possible to form a transparent electroconductive film such as indium-tin oxide (ITO, Indium Tin 
Oxide) on the plastic optical article and to use it as a transparent conductor material. As the transparent con- 

45 ductor film material, it can be applied to electric component circuit materials such as capacitors and resistors, 
copying materials such as electrophotography and electrostatic recording, transparent electrodes for Inputting 
signals such as those for liquid crystal displays, electrochromic displays, electroluminescence displays and 
touch panels, and photoelectric conversion devices such as a solar cells and optical amplifiers. Furthermore, 
it can be applied to various applications such as a prevention of electrostatic charging, as a shielding against 

50 electromagnetic waves, and for surface heat generators and sensors. When the transparent electroconductive 
film such as ITO is formed on the plastic optical article of the present invention, the conductivity is maintained 
even at a high temperature, and therefore, the plastic optical article can be used as a heat-resistant transparent 
conductor material. 

Conductive thin films of metal oxides such as ITO. tin oxide and cadmium oxide, metals such as gold, silver, 
55 copper, palladium, nickel aluminum and chromium, and conductive polymers, are used as the transparent elec- 
tro-conductive film deposited on the plastic optical article of the present invention. Among them, ITO is prefer- 
ably used in consideration of various properties such as the transparency and a lowered resistance. Known 
methods can be used to fomn the metal oxide thin film such as the ITO film and the metal thin film, such as a 
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vacuum deposition method, an ion plating method, a sputtering method, a coating method and a spraying 
method. Known methods such as a D.C. sputtering method, an R.F. sputtering method and a magnetron sput- 
tering method, can be used as the sputtering method ["Sputtering Phenomenon", written by Akira Kimbara, 
published by The Tokyo University Press, 1984]. Where the plastic optical article of the present invention is 
5 used as a transparent electro-conductive sheet, the thickness thereof may preferably be 0.1 to 10 mm, more 
preferably 0.3 to 1.0 mm. in view of mechanical properties. 

When the transparent electro-conductive film is formed on the plastic optical article according to the present 
invention, a transparent electro-conductive film substrate having an excellent heat resistance can be obtained, 
and therefore, it can be used as a liquid crystal display substrate. This transparent electroconductive film sub- 
to strate can be applied to a liquid crystal display of a simple matrix type such as a TN (Twisted Nematic) type, 
an STN (Super Twisted Nematic) type or ferroelectric liquid crystal (FLC) type and to an active matrix type liquid 
crystal display such as an MIM (Metal-lnsulator-Metal) type era TFT (Thin-Film Transistor) type, butts prefer- 
ably used for the simple matrix type liquid crystal display, because the production process is relatively simple. 
When the plastic optical article of the present invention is used as the liquid crystal display substrate, a 
15 structure sandwiching the liquid crystal may be employed, depending on the plastic optical article. Namely, in 
a conventional liquid crystal display using a glass substrate, the plastic optical article of the present invention 
replaces the glass substrate. More specifically, a structure may be employed in which a transparent electro- 
conductive layer is formed on the plastic optical article, a passivation film is then formed, whenever necessary, 
and an orientation film is further superposed thereon to form the substrate, and these substrates sandwich the 
20 liquid crystal layer between them. A polarizing film is disposed outside each substrate sandwiching the liquid 
crystal layer. A retardation film and an light-reflecting plate are further disposed on the liquid crystal display, 
whenever necessary. 

Known methods can be employed for production of the liquid crystal display using the plastic optical article 
of the invention, For example, the simple matrix liquid crystal display [refer to "Liquid Crystal Handbook", edited 

25 by Nippon Gakujutsu Shinkokai. No. 142 Committee, published by Nikkan Kogyo Shimbunsha, 1989, p. 531] , 
can be obtained through a series of steps such as washing of the substrate, formation of the transparent elec- 
tro-conductive film, fine patterning of the transparent electro-conductive film (coating of resist, development, 
etching, washing-away of the resist), formation of an orientation film, rubbing processing, washing, printing of 
a sealant, bonding of the substrates, heating and pressurization, vacuum deaeration, charging of the liquid crys- 

30 tal, sealing of the charging port, cutting of the liquid crystal cell, fitting of the polarizing film and light-reflecting 
plates, and so forth. In these liquid crystal display production steps, the production conditions should be set in 
dependence upon various characteristics of the liquid crystal display substrate of the plastic optical article such 
as heat resistance and mechanical characteristics. 

Hereinafter, embodiments of the present invention will be further explained with reference to the following 

35 examples. 

The various characteristics of the transparent three-dimensional cross-linked resin are measured as fol- 
lows. 

The total light transmittance is measured on the basis of ASTM D-648, and the solvent resistance is 
evaluated by rubbing the surface of the resin with a cotton impregnated with acetone, and evaluating the change 
40 of lustre at that time with the naked eye. The bending test is carried out on the basis of JIS K-7203, at room 
temperature. The glass transition temperature is measured using a Mettler TA3000 (measured by second run). 
The properties of optical article provided with the transparent film are measured in the following way. 

(a) Transparency: 

45 

The transparency of the article is examined by eye under a fluorescent lamp. 

(b) Abrasion resistance: 

50 The surface is rubbed by steel wool #0000 and the degree of scratching is evaluated. Evaluation is as fol- 

lows. 

O: excellent 
X: poor 

55 (c) Adhesion: 

One hundred squares are formed in the article surface by a steel knife, in such a manner that it reaches 
the substrate of 1mm depth, and a cellophane adhesive tape ("Cello-Tape", a trade name of Nichiban K.K.) is 
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strongly bonded thereto. Then, the tape is rapidly peeled in an orthogonal direction, to thus determine any peel- 
ing of the coating film. 

(d) Heat resistance: 

A sample is placed on a glass plate and is heated at 150*^0 for 2 hours, and the surface condition (flatness, 
etc.) then examined. In the following Tables 'O' signifies good heat resistance. 

(e) Mechanical properties (when heated to 170''C): 

The bending modulus at a measurement temperature of 1 70°C is measured under conditions in which the 
distance between support points is 10 mm and the bending rate is 0.5 mm/min, by using a TOM universal tester 
(a product of Shinko Tsushin K.K.). 

(f) Yellowing; 

The plastic optical article is placed on a white sheet of paper, and the degree of yellowing is examined by 
eye, Evaluation is as follows. 

O: colorless and transparent 
A: slightly yellowed 
X: remarkably yellowed 

Example 1 

(1) Preparation of transparent three-dimensional cross-linked resin; 

isopropylmaleimide 26.5 g 

styrene 18.5 g 

divinyl benzene 5.0 g 

azobisisobutyronitrile 0.05g 

The compounds listed above are mixed and dissolved, and are cast-molded by a casting polymerization. The 
casting polymerization is carried out as follows. 

The outer peripheral portions of two glass plates having a dimension of 1 50 mm by 1 50 mm and a thickness 
of 5 mm are bonded by soft vinyl chloride gaskets and the glass plates are assembled in such a manner as to 
define a distance of 2 mm therebetween. The monomer mixture described above is poured into the glass plate 
assembly and is polymerized at 70^*0 for 8 hours and further at lOO^'C for 1 hour and ISCC for 1 hour, thus 
obtaining a transparent cast-moled plate (hereinafter referred to as the "cast plate (I)". 

The glass transition temperature of this cast plate (I) is 180**C, the total light transmittance is 90%, the bend- 
ing modulus is 398 kg/mm^, and the bending strength is 9 kg/mm^ at room temperature. Also, the solvent resi- 
stance is excellent. 

(2) Preparation of coating composition (A) 

(a) Preparation of y-glycidoxypropyltrimethoxy-silane hydrolyzate: 

953 g of y-glycidoxypropyltrimethoxysilane is poured into a reactor equipped with a stirrer. While the liquid 
temperature is kept at 10°C and the liquid is stirred by a magnetic stirrer, 21.8 g of a 0.01 N aqueous hydrochloric 
acid solution is gradually added drop-wise and after the drop addition is completed, cooling is stopped, and 
the hydrolyzate of y-glycidoxypropyltrlmethoxysilane is thus obtained. 

(b) Preparation of coating: 

To the silane hydrolyzate described above are added 21 6 g of methanol, 21 6 g of dimethylformamide, 0.5 
g of a silicon type surfactant and 67.5 g of a bisphenol-A type epoxy resin ("Epicoat 827". a product of Yuka-Shell 
Epoxy K.K.). The mixture is stirred and 270 g of colloidal sol of antimony pentoxide ("Antimon Sol A-2550", a 
product of Nissan Chemical Industries, Ltd., mean particle diameter: 50 m|.i) and 3.5 g of aluminum acetyl-aceto- 
nate are added. The mixture is sufficiently stinred to provide a coating composition (A). 
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(3) Production of plastic optical article: 

The cast plate (I) obtained in item (1) described above is dip-coated in the coating composition (A) obtained 
in item (2) at a pull-up rate of 20 cm/min, is then preliminarily cured at 100°C for 10 minutes and is further heated 
5 at 100'=C for 4 hours, and a transparent coating film is thus formed on the cast plate (I). The various properties 
of the resulting transparent plate are tabulated in Table 1. 

A transparent electro-conductive thin film (about 0.1 f.im thick) consisting of ITO (indium-titanium mixed 
oxide) is formed on the surface of the transparent plate provided with the transparent coating film on the cast 
plate (I) described above by sputtering. The surface resistivity of the surface having the ITO film formed thereon 
10 at room temperature is 50 n/square. After being heated at ISO^'C for one hour, the transparent film provided 
with this ITO film is cooled to room temperature, and the surface resistivity is again measured. The surface 
resistivity is found to be 50 Q/square. which is the same as the initial value. No change is observed in the appear- 
ance, and it is confirmed that the transparent plate has an excellent heat resistance. 

15 Example 2 

A transparent cast plate (hereinafter referred to as the "cast plate (II)") is obtained in the same way as in 
Example 1 except that isopropylmaleimide in the preparation of the cast plate (I) in Example 1 is replaced by 
26.5 g of a mixture consisting of 50 wt% of isopropylmaleimide and 50 wt% of cyclohexylmaleimide. 
20 The glass transition temperature of this cast plate (II) is 190°C, the total light transmission factor is 90%, 

the bending elastic modulus is 400 kg/mm2, and the bending strength is 8 kg/mm^ at room temperature. Also, 
the solvent resistance is excellent. 

A transparent coating film is applied on the resulting cast plate (II) using the coating composition (A) in the 
same way as in Example 1 to produce the transparent plate. The various properties of the resulting transparent 
25 plate are tabulated in Table 1 . 

Example 3 

The transparent plate (hereinafter referred to as the "cast plate (III)") is obtained in the same way as in 
30 Example 1 except that styrene in the production of the cast plate (I) in Example 1 is replaced by methyl methac- 
rylate. The resulting cast plate (III) has a glass transition temperature of 150°C and a total light transmittance 
of 91%. The bending modulus Is 360 kg/mm^ and the bending strength is 9 kg/mm^ at room temperature. Also, 
the solvent resistance is excellent. 

A transparent coating film is formed on the resulting cast plate (III) using the coating composition (A) in the 
35 same way as in Example 1 to produce a transparent plate. The various properties of the resulting transparent 
plate are tabulated in Table 1. 

Example 4 

40 isopropylmaleimide 45 g 

divinyl benzene 5 g 

azobisisobutyronitrile 0.1 g 

The compounds listed above are mixed and dissolved, and are cast-polymerized to obtain a cast plate (hereinaf- 
ter referred to as the "cast plate (IV)") in the same way as the production of the cast plate (I) in Example 1 . The 
45 resulting cast plate (IV) has a glass transition temperature of 230'=C, a total light transmttance of 90%, a bending 
elastic modulus of 380 kg/mm^, and a bending atrength of 5 kg/mm^ at room temperature. Also, the solvent 
resistance is excellent. 

A transparent coating film is applied on the resulting cast plate (IV) using the coating composition (A) in 
the same way as in Example 1 to produce a transparent plate. The various properties of the resulting transparent 
50 plate are tabulated in Table 1. 

Comparative Example 1 

The various properties of the cast plate (I) produced in Example 1 (where the transparent coating film is 
55 not provided), such as the abrasion resistance and heat resistance, etc., are evaluated. The results are tabu- 
lated in Table 1. 

An ITO film is directly formed on the cast plate (I) described above by sputtering and the heat resistance 
is measured. After the sample is heated at 180*C for 1 hour, cracks occur in the ITO film and a current cannot 
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flow. 

Comparative Example 2 

5 isopropylmaleimide 26 g 

styrene 24 g 

azobisisobutyronitrile 0.1 g 

The compounds listed above are mixed and dissolved, and a cast plate (hereinafter referred to as the "cast 

plate (V)") consisting of a transparent thermoplastic resin is produced by cast polymerization in the same way 
10 as for the production of the cast plate (I) in Example 1 . The resulting cast plate (hereinafter referred to as the 

"cast plate (V)") has a glass transition temperature of 1 JS^'C, a total light transmittance of 90%. a bending elastic 

modulus of 370 kg/mm^, and a bending strength of 9 kg/mm^ at room temperature, but the solvent resistance 

is poor. 

A transparent coating film is deposited on the resulting cast plate (V) in the same way as in Example 1 to 
15 produce a transparent plate. The various properties of the resulting transparent plate are tabulated in Table 1. 

Comparative Example 3 

The various properties of a thermoplastic resin plate obtained from diethylene glycol bis-arylcarbonate 
20 ("RAV-7 Sheet", a product of Mitsui Petrochemical Industries, Inc.; hereinafter referred to as the "cast plate 
(VI)") are examined. The glass transition temperature is 70''C, the total light transmittance is 92%, the bending 
modulus is 230 kg/mm^, the bending strength is 7 kg/mm^ at room temperature, and the solvent resistance is 
excellent. 

A transparent coating film is formed on the cast plate (VI) in the same way as in Example 1 , to produce a 
25 transparent plate. The various properties of the resulting transparent plate are tabulated in Table 1. 
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Example 5 

(1 ) Preparation of coating solution (B): 

5 (a) Preparation of y-glycidoxypropyltrimethoxysilane hydrolyzate: 

210.7 g of y-glycidoxypropyltrimethoxysilane is charged into a reactor equipped with a stirrer. While the 
liquid is kept at a temperature of 1 0°C and is stirred by a magnetic stirrer, 48.2 g of a 0.01 N aqueous hydrochloric 
acid solution is gradually added dropwise. After the drop addition is completed, cooling is stopped and thus a 
10 y-glycldoxypropyltrimethoxysilane hydrolyzate is obtained. 

(b) Preparation of coating: 

To the silane hydrolyzate described above are added 91.3 g of ethanol, 91.3 g of n-propylalcohol and 0.75 
15 g of a silicone type surfactant, and further, 7.5 g of aluminum acetylacetonate Is added and sufficiently stirred, 
to thus prepare a coating composition (6). 

(2) Production of plastic optical article: 

20 The cast plate (I) obtained in Example 1 Is dip-coated with the coating composition (B) obtained in the item 

(1 ) described above at a pull-up rate of 20 cm/min. Next, preliminary curing is carried out at 100°C for 10 minutes 
and heating is then carried out at 110^C for 4 hours, to form a transparent coating film on the cast plate (1). 
The various properties of the resulting transparent plate are tabulated in Table 2. 

A transparent electro-conductive thin film (about 0.1 thicl<) consisting of ITO is formed by sputtering on 

25 the surface of the transparent plate provided with the transparent film on the cast plate (I) obtained above. The 
surface resistivity of the surface having the ITO film fornied thereon at room temperature is 50 Q/square. The 
transparent film provided with this ITO film is heated at 150°C for 1 hour and cooled to room temperature, and 
the surface resistance is again measured. The resistance is found to be 50 Q/square, which is the same as 
the initial value. It is confirmed that, since no change occurs in the appearance, the ITO film formed on the trans- 

30 parent plate exhibits an excellent heat resistance. 

Example 6 

The transparent coating film is formed on the cast plate (II) obtained in Example 2 using the coating compo- 
35 sition (B) in the same way as in Example 5 to produce a transparent plate. The various properties of the resulting 
transparent plate are tabulated in Table 2. 

Example 7 

40 The transparent coating film is formed on the cast plate (III) obtained in Example 3 using the coating compo- 

sition (B) in the same way as in Example 5 to produce a transparent plate. The various properties of the resulting 
transparent plate are tabulated in Table 2. 

Example 8 

45 

The transparent coating film is formed on the cast plate (IV) obtained in Example 4 using the coating compo- 
sition (B) in the same way as in Example 5 to produce a transparent plate. The various properties of the resulting 
transparent plate are tabulated in Table 2. 
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Example 9 

A coating film is applied on the cast plate (I) obtained in Example 1 using the coating composition (A) to 
produce a transparent film, and this transparent film is heat treated at a vacuum of 1 Torr and at 1 70°C for 2 
hours. The various properties of the resulting plastic optical article are tabulated in Table 3. 

A trans pa rent electro-conductive thin film (about 0.1 ^m thick) consisting of an ITO is formed on the surface 
of the plastic optical article obtained as described above by sputtering. The surface resistance of the surface 
having the ITO film formed thereon at room temperature is 50 Q/square, The transparent plate provided with 
this ITO film is heated at igO^'C for 2 hours and cooled to room temperature, and the surface resistance is again 
measured. The surface resistance is found to be 50 n/square, which is the same as the initial value. It is con- 
firmed that, since no change occurs in the appearance, the ITO film deposited on the transparent plate exhibits 
an excellent heat resistance. 

Example 10 

A plastic optical article is produced (without the transparent conductor thin film) in the same way as in 
Example 9 excent that the heat treatment in vacuum in Example 9 is changed to a heat treatment in a nitrogen 
atmosphere (atmospheric pressure). The various properties of the resulting plastic optical article are tabulated 
in Table 3. 

Example 11 

The transparent plate provided with the coating film deposited on the cast plate (I), obtained in Example 
1 , using the coating composition (B) is further heat treated in a vacuum of 1 Torr and at 170°C for 2 hours. The 
various properties of the resulting plastic optical article are tabulated in Table 3. 

Example 12 

(1) Preparation of coating composition (C) 

(a) Preparation of y-glycidoxy propyl trimethoxy silane 

First 105.4 g of y-glycidoxypropylthmethoxysilane is charged into a reactor equipped with a stirrer, then 
while the liquid temperature is kept at 10"C and the liquid is stirred by a magnetic stirrer, 24.1 g of a 0.01 N 
aqueous hydrochloric acid solution is gradually added dropwise. After the drop addition is completed, the cool- 
ing is stopped to thus obtain a y-glycidoxypropyltrimethoxysilane hydrolyzate. 

(b) Preparation of coating: 

To the silane hydrolyzate described above are added 31 .7 g of ethanol, 31.7 g of n-propyl alcohol and 0.75 
g of a silicone type surfactant and furthermore, 248.8 g of a colloidal silica sol ("OSCAL-1 132", a product of 
Catalysts & Chemicals Industries Co., Ltd.; mean particle diameter = 13mp) and 7.5 g of aluminum acetylaceto- 
nate are added. The mixture is sufficiently stirred to prepare a coating composition (C). 

(2) Production of plastic optical article: 

The cast plate (I) obtained in Example 1 is dip-coated in the coating composition (C) prepared in item (1) 
described above at a pull-up rate of 20 cm/min, and then a preliminary curing is carried out at 100°C for 10 
minutes. Furthermore, heating is made at IIO'^C for 4 hours to form a transparent coating film onto the cast 
plate (I). 

The resulting transparent plate is further heat treated in a vacuum of 1 Torr and at 170°C for 2 hours. The 
various properties of the resulting plastic optical article are tabulated in Table 3. 

Example 13 

A plastic optical article (without the transparent electro-conductive film) is produced in the same way as in 
Example 9 except that the heat treatment in vacuum in Example 9 is changed to the heat treatment in air (atmos- 
pheric pressure). The various properties of the resulting plastic optical article are tabulated In Table 3. 
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Comparative Example 4 

A plastic optical article is produced in the same way as in Example 9 except that the transparent coating 
film in Example 9 is not applied. The various properties of the resulting article are tabulated in Table 3. 
5 An ITO film is further deposited on the plastic optical article obtained above in the same way as in Example 

9 and the heat resistance is evaluated. After the sample is heated at 190*^0 for 2 hours, cracks occur in the 
ITO film and a current cannot flow. 
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Plastic optical articles embodying the present invention may provide the following advantages. 

1. Excellent heat resistance. 

2. Excellent solvent resistance and chemical resistance. 

3. High surface hardness and excellent abrasion resistance. 
5 4. High transparency, 

5. Excellent durability such as light resistance and weatherability. 

6. When an inorganic thin film such as a transparent electro-conductive film is deposited on the surface, 
a thin film having high heat resistance can be obtained. 

7. Excellent mechanical characteristics. 



Claims 



1. A plastic optical article having a transparent coating applied to a surface of a transparent crosslinked resin 
15 having a glass transition temperature of at least 130°C. 

2. A plastic optical article according to claim 1, wherein said transparent cross-linked resin is a copolymer 
obtained by polymerizing a composition which contains 20 to 98 wt% of a monomer represented by the 
general formula (A) and 2 to 80 wt% of a polyfunctional monomer having at least two unsaturated groups, 

20 and in which the total weight of said monomer represented by the general formula (A) and said polyfunc- 

tional monomer having at least two unsaturated groups is at least 30 wt % by weight of the total compo- 
sition. 



25 CR- = CR^ 

C = C C = O (A) 

^ N ^ 
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wherein represents a substituent selected from the group consisting of hydrogen and Ci to C20 hyd- 
rocarbon groups, and and each independently represents a substituent selected from hydrogen, a 
methyl group and an ethyl group. 

A plastic optical article according to claim 1 or 2, wherein said transparent coating is a transparent coating 
comprising an organic polymer and fine particles of metal oxide. 

A plastic optical article according to claim 3, wherein said organic polymer is a polymer obtained from a 
compound selected from an organosilicon compound represented by the following general formula (B) and 
its hydrolyzate: 

R^R^SiX4.a.b (B) 

wherein R^ is a Ci to C^o organic group, R^ is a Ci to Cg hydrocarbon group or halogenated hydrocarbon 
group, X is a hydrolyzing group, and a and b are 0 or 1. 

5. A plastic optical article according to claim 3 or 4, wherein the transparent coating contains 1 to 80wt%, by 
weight of the coating, of said fine particles of metal oxide. 

6. A plastic optical article according to claim 1 , 2 or 3, wherein said transparent coating comprises a silicone 
type resin as the principal component. 

50 

7. A plastic optical article according to claim 6, wherein said silicone type resin Is a polymer obtained from 
an organosilicon compound represented by the general formula (B) as defined in claim 4, or a hydrolyzate 

thereof. 

55 8. A plastic optical article according to any preceding claim, having a bending modulus at ITO'^C of from 20 
to 300 kg/mm2. 

9. A plastic optical article according to any preceding claim, wherein said transparent cross-linked resin has 

19 
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a glass transition temperature of at least 160^^0. 

10. A plastic optical article according to any preceding claim, which includes at least one transparent electro- 
conductive layer. 

5 

11. A plastic optical article according to claim 10, wherein the thickness of said transparent cross-linked resin 
is within the range of 0. 3 to 1 .0 mm. 

12. A plastic optical article according to claim 10 or 11 , wherein said transparent electro-conductive layer com- 
prises indium tin oxide. 
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